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SEMICONDUCTOR INTEGRATED CIRCUIT HAVING 
FUNCTIONAL MACRO WITH IMPROVED 
POWER LINE CONNECTION STRUCTURE 

BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a semiconductor device, and 
more particularly to a semiconductor integrated circuit having a functional 
macro with an improved power line connection structure* 

2. Description of the Related Art 

FIG- 1 is a schematic view of a structure of a memory macro that 
is an example of a functional macro. A functional macro 1 comprises an 
address decode block 10, a memory cell block 11, an address block 12 and 
a data input/output block 13. The blocks 10, 11, 12 and 13 are optimized so 
as to minimize the area of the functional macro 1 . 

FIG, 2 is a schematic view of layout of power supply lines of 
functional macro 1. Power supply lines 2 are provided in random over the 
functional macro 1. The power supply lines 2 typically are third level 
interconnections. First and second level interconnections are not illustrated 
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in FIG. 2. 

FIG, 3 is a plan view of a semiconductor integrated circuit that 
includes the functional macro of FIG. 1 . The functional macro 1 is placed 
on a region of a semiconductor integrated circuit 4, that has a regular 
5 alignment of power source lines 5, which may be fifth level 
interconnections. 

FIG. 4 is a fragmentary enlarged plan view of a region "A" 
defined by a broken line in FIG. 3. The power lines 5 of the semiconductor 

'i t! 

\Q integrated circuit 4 have a different alignment from the power lines 2 of the 
CniO functional macro 1- When the functional macro 1 is placed on the 
semiconductor integrated circuit 4, the power lines 5 of the semiconductor 

-1 integrated circuit 4 may partially overlap the power lines 2 of the functional 

si 

~;J macro 1. Only the overlapping power lines 5 are electrically connected to 

j^j the power lines 2* In FIG, 4, the overlapping power line 5 is marked by a 

'Li I 

15 broken line region * C B". This alignment scheme makes it difficult to supply 
sufficient power to the functional macro 1 . 

FIG. 5 is a fragmentary enlarged plan view of a center region 
"A" of another semiconductor integrated circuit- Adjacent power lines 2 
and 5 are electrically connected to each other through additional power 

20 lines 6. The width of each of the additional power lines 6 is determined in 
consideration of an allowable low voltage. Variation of placement 
conditions causes variation of connection conditions. It is necessary for 
designers to calculate separately the width of each additional power line 6 
since the placement conditions vary- This additional design work is 
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inconvenient and undesirable. 

FIG- 6 is a fragmentary enlarged plan view of a center region 
"A" of still another semiconductor integrated circuit. The power lines 2 of 
the functional macro 2 are aligned with the power lines 5 of the 
semiconductor integrated circuit 4. Thus, the alignment of the power lines 2 
is based on the alignment of the power lines 5. This increases the area of 
the functional macro 1 . 

In the above circumstances, the development of a novel 
semiconductor integrated circuit having a functional macro free from the 
above problems is desirable. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel 
semiconductor integrated circuit (IC) having a functional macro that is 
connected to the power lines for the IC in a manner that avoid the problems 
of the prior art. 

It is a further object of the invention to provide a novel IC having 
a functional macro that is connected to the power lines for the IC with a 
structure that includes power terminal patterns on a level between the levels 
of the power lines for the IC and the power lines for the function macro 
where each of the power terminal patterns extends between a first area 
corresponding to an adjacent pair of the macro power lines and a second 
area corresponding to an adjacent pair of the IC power lines. 
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It is a another object of the invention to provide a novel IC 
having a functional macro that is connected to the power lines for the IC 
with a structure that includes power terminal patterns on a level between 
the levels of the power lines for the IC and the power lines for the function 
5 macro where each of the power terminal patterns has the same size and 
shape. 

It is yet another object of the invention to provide a novel IC 
having a functional macro that is connected to the power lines for the IC 
with a structure that includes power terminal patterns on a level between 
10 the levels of the power lines for the IC and the power lines for the function 
macro where the power terminal patterns includes a repeating pattern of 
similar shapes that are spaced the same distance from each other. 

These objects and other objects, features, and advantages of the 
present invention will be apparent from the following description of 
15 preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments according to the present invention will be 
20 described in detail with reference to the accompanying drawings* 

FIG. 1 is a schematic view of a structure of a memory macro that 
is an example of a functional macro, 

FIG. 2 is a schematic view of a layout of power supply lines of 
the memory macro of FIG, 1 - 



Page 4 



Pf-2802/nec/us/mh 

FIG* 3 is a plan view of a semiconductor integrated circuit 
having the functional macro of FIG. 1 , 

FIG* 4 is a fragmentary enlarged plan view of a center region 
"A" of the semiconductor integrated circuit of FIG. 3- 

FIG. 5 is a fragmentary enlarged plan view of a center region 
"A*' of another semiconductor integrated circuit. 

FIG* 6 is a fragmentary enlarged plan view of a center region 
"A" of still another semiconductor integrated circuit. 

FIG- 7 is a plan view of a semiconductor integrated circuit 
having a functional macro in a first embodiment in accordance with the 
present invention. 

FIG- 8 is a plan view of the functional macro shown in FIG, 7 A. 

FIG* 9A is a fragmentary enlarged plan view of the 
semiconductor integrated circuit on a center region "A" shown in FIG. 7, 

FIG, 9B is a cross sectional elevation view of the semiconductor 
integrated circuit, taken along a B-B line in FIG. 9A. 

FIG. 10 is a plan view of a semiconductor integrated circuit 
having a functional macro in a second embodiment in accordance with the 
present invention, 

FIG. 11 is a plan view of the functional macro shown in FIG. 10, 
FIG. 12 is a fragmentary enlarged plan view of the 

semiconductor integrated circuit on a center region "A" shown in FIG, 10. 

FIG, 13 is a plan view of a semiconductor integrated circuit 

having a functional macro in a third embodiment in accordance with the 
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present invention. 

FIG- 14 is a plan view of the functional macro shown in FIG. 13. 

FIG- 15 is a fragmentary enlarged plan view of the 
semiconductor integrated circuit on a center region "A" shown in FIG, 13. 

5 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention provides a power line connection structure 

!L ..jf 

5 for connecting a semiconductor integrated circuit (IC) to a functional 
Cn 10 macro. As may be seen in figures 7-15, first power lines 2V on a first level 
provide a first voltage to the functional macro and second power lines 2G 
01 on the first level provide a second voltage, different than the first voltage, 

« to the functional macro. The first and second power lines may be parallel to 

y i 

each other. Third power lines 5G on a second level, different than the first 

1*1 15 level, provide the first voltage to the IC and fourth power lines 5V on the 

if - " ■* ■ 

second level provide the second voltage to the IC. The third and fourth 
power lines may be parallel to each other, and also to the first and second 
power lines, 

Power terminal patterns 31V and 31G, 32G and 32V, and 33G and 
20 33V are on a third level between the first and second levels- Each of the 
plural power terminal patterns extends on the third level between a first 
area corresponding to an adjacent pair of the first and second power lines 
2V and 2G and a second area corresponding to an adjacent pair of the third 
and fourth lines 5V and 5G* A first set of the plural power terminal patterns 
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31V, 32V, and 33V is connected to the first and third power lines 2V and 
5V and a second set of the plural power terminal patterns 31G, 32G, and 
33G ? which does not include any of the first set, is connected to the second 
and fourth power lines 2G and 5G, 

Each of the power terminal patterns 31V and 31G, 32G and 32V, 
and 33G and 33V may have the same size and shape, such as shown in 
Figures 8 7 11 and 14, or the power terminal patterns may include a 
repeating pattern of similar shapes that are spaced at the same distance 
from each other, such as shown in Figures 8, 11, and 14* Of course, other 
shapes consistent with the definitions in the claims may be used. 

The present invention introduces uniformity into the structure for 
connecting the power lines, thereby avoiding the need for designers to 
calculate separately the size of each connection* 

A first embodiment according to the present invention will be 
described in detail with reference to FIGS. 7-8 and 9 A and 9B, A 
semiconductor integrated circuit 41 includes a functional macro 1 that 
extends on a region "A" of the semiconductor integrated circuit 41. The 
functional macro 1 has a parallel alignment of first power lines 2 for 
supplying power to the functional macro 1. The first power lines 2 extend 
in a first direction over a top surface of the functional macro 1. The first 
power lines 2 extend in a first level insulating fi lm 1L The first power 
lines 2 may be classified into high voltage power lines 2V for supplying a 
high voltage and low voltage power lines 2G for supplying a low voltage. 
The low voltage may, for example, be a ground voltage. In this case, the 



Page 7 



Pf-2802/necAis/mh 



high voltage is a positive voltage level higher than the ground voltage level. 

The functional macro 1 also has a matrix array of power terminal 
patterns 31, which are provided over a top surface of the first level 
insulating film 11. The power terminal patterns 31 extend in a second level 
insulating film 12 which overlays the first level insulating film 11. The 
power terminal patterns 31 may have uniform island patterns having the 
same size and shape, for example, a square or a rectangle as illustrated. The 
power terminal patterns 31 are aligned at a first constant pitch in the first 
direction along which the first power lines 2 extend. The power terminal 
patterns 31 are aligned at a second constant pitch in the second direction* 

Each rectangle shape of the power terminal patterns 31 has a size 
in the second direction that extends, in the second direction, over at least a 
plurality of the first power lines 2, which comprise at least one high voltage 
power line 2V and at least one low voltage power line 2G, For example, as 
shown in FIG. 8, some of the power terminal patterns 31 extend over a 
single high voltage power line 2V and two low voltage power lines 2G 3 and 
others extend over two high voltage power lines 2V and two low voltage 
power lines 2G- 

The power terminal patterns 31 may also be classified into high 
voltage power terminal patterns 31V having the high voltage, and low 
voltage power terminal patterns 31 G having the low voltage. The high and 
low voltage power terminal patterns 31V and 31G are alternately aligned in 
each of the first and second directions. Four sides of each of the high 
voltage power terminal patterns 31V are adjacent to but separated from the 
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four of the low voltage power terminal patterns 31 G, Four sides of each of 
the low voltage power terminal patterns 31 G are adjacent to but separated 
from the four of the high voltage power terminal patterns 31V. 

The above matrix array, therefore, comprises first-directional and 
5 second-directional alignments of the alternating high and low voltage 
power terminal patterns 31V and 31G, and further plural diagonal 
alignments of the high voltage power terminal patterns 31V and alternating 
plural diagonal alignments of the low voltage power terminal patterns 31G. 

3 Namely, the above matrix array forms a checkered pattern of the high and 

10 

CrtO low voltage power terminal patterns 31V and 31G. 

JS The high voltage power terminal patterns 31V are electrically 

in connected to the high voltage power lines 2V through a first set of first 

! .v' 

C3 level contact plugs 14 which are formed in contact holes in the above first 

111 

level insulating film 11. The low voltage power terminal patterns 31G are 
S3 15 also electrically connected to the low voltage power lines 2G through a 

■fitr •■m-jt 
■f* 

second set of the first level contact plugs 14, wherein the second set of the 
first level contact plugs does not include any of the first set of the first level 
contact plugs* 

The semiconductor integrated circuit 41 has a parallel alignment 
20 of second power lines 5 for supplying power to the semiconductor 
integrated circuit 41* The parallel alignment of the second power lines 5 is 
different in pitch from the parallel alignment of the first power lines 2. The 
second power lines 5 extend in the first lateral direction. The second power 
lines 5 extend over the second level insulating film 12 and in a third level 
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insulating film 13 which overlays the second level insulating film 12, The 
second power lines 5 may be classified into high voltage supply lines 5V 
for supplying the high voltage and low voltage supply lines 5G for 
supplying the low voltage. 
5 The high and low voltage supply lines 5V and 5G are alternately 

aligned in the second direction at a constant pitch which is larger than the 
pitch of the first power lines 2 of the functional macro 1. The size in the 
second direction of each rectangle of the power terminal patterns 31 is 
larger than the constant pitch of the alternating alignment of the high and 
CH 10 low voltage supply lines 5 V and 5G, so that each power terminal pattern 31 
extends, in the second direction, under at least a plurality of the second 
power lines 5, which comprise at least one high voltage power line 5V and 
I at least one low voltage power line 5G, For example, as shown in FIGS. 9A 
{ and 9B, each power terminal pattern 31 extends under a pair of adjacent 

i 

J 15 high and low voltage power lines 5V and 5G. Thus, all of the high and low 
voltage power lines 5V and 5G overlay the power terminal patterns 31. 

The size in the second direction of each rectangle of the power 
terminal patterns 31 is also larger than the pitch of the alignment of the 
high and low voltage supply lines 2V and 2.G, so that each power terminal 
20 pattern 31 extends, in the second direction, over at least a plurality of the 
first power lines 2, which comprise at least one high voltage power line 2V 
and at least one low voltage power line 2G. For example, as shown in FIGS. 
9A and 9B, each power terminal pattern 31 extends over a pair of adjacent 
high and low voltage power lines 2V and 2G. Thus, all of the high and low 
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voltage power lines 2V and 2G underlay the power terminal patterns 31. 

The high voltage power terminal patterns 31V are further 

electrically connected to the high voltage power lines 5 V through a first set 

of second level contact plugs 15 which are formed in contact holes in the 
5 second level insulating film 12, The high voltage power lines 5V of the 

semiconductor integrated circuit 41 are electrically connected through the 

high voltage power terminal patterns 31V to the high voltage power lines 

2V of the functional macro 1, 
l § The low voltage power terminal patterns 31 G are also electrically 

& 10 connected to the low voltage power lines 5G through a second set of the 
P second level contact plugs which are formed in other contact holes in the 

second level insulating film 12, wherein the second set of the second level 
; s ; contact plugs does not include any of the first set of the second level 

^ i 

1 1 contact plugs. The low voltage power lines 5G of the semiconductor 
|f 15 integrated circuit 41 are electrically connected through the low voltage 

power terminal patterns 31G to the low voltage power lines 2G of the 

functional macro 1. 

In a typical semiconductor device, the first power lines 2 of the 
functional macro 1 may actually comprise a third level metal layer, the 
20 power terminal patterns 31 of the functional macro 1 may comprise a 
fourth level metal layer, and the second power lines 5 of the semiconductor 
integrated circuit 41 may comprise a fifth level metal layer. 

As is clear from FIG. 9B, the size in the second direction of each 
rectangle of the power terminal patterns 3 1 is larger than the constant pitch 
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of the alternating alignment of the high and low voltage supply lines 5V 
and 5G S so that each power terminal pattern 31 extends under a pair of 
adjacent high and low voltage power lines SV and SG independent of any 
displacement of the functional macro 1. Also, the size in the second 
direction of each rectangle of the power terminal patterns 31 is larger than 
the pitch of the alignment of the high and low voltage supply lines 2V and 
2G, so that each power terminal pattern 31 extends over a pair of adjacent 
high and low voltage power lines 2V and 2G independent of any 
displacement of the functional macro 1 . 

Therefore, all of the second power lines 5 of the semiconductor 
integrated circuit 41 are electrically connected through the power terminal 
patterns 31 to all of the first power lines 2 of the functional macro 1, even if 
the functional macro 1 is displaced over the semiconductor integrated 
circuit 41. Namely, all of the second power lines 5 are electrically 
connected through the power terminal patterns 31 to all of the first power 
lines 2 without additional re-design work and any increase in the area of the 
functional macro 1 . 

A voltage drop "V" and a resistance "R" of the first power lines 2 
of the functional macro 1 are given by the following equations. 

V = I X R [VJ (1 : current [A] ; and R : resistance [ Q ]) 
R = 0s x L[Q] (Ps : resistivity [Q/jtiin] ; and L : current 
path length [ U m]) 

The current path length "L M is defined as a maximum distance 
between a contact plug connected to the first power line 2 and a contact 
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plug connected to the second power line 5. 

If ? contrary to the present invention, the first and second power 
lines 2 and 5 are connected through contact plugs aligned at a pitch of 500 
micrometers without the power terminal patterns 31 there between, then the 
5 current path length "L" is 250 micrometers, and the voltage drop "V" is 
250X p s Xl[V] + 

In accordance with the present invention, the first and second 
power lines 2 and 5 are connected through the power terminal patterns 31, 
ui which may be aligned at a pitch of 50 micrometers for example, then the 
Cm 10 current path length **L" is 50 micrometers. The reason why the current path 
-P length U L" is not 25 micrometers is that the high and low voltage power 
^ n terminal patterns 31V and 31 G are alternately aligned in the first direction. 

Si. 

Namely, the high voltage power lines 2V and 5V are connected to each 
other through the high voltage power terminal patterns 31V, which may be 
15 aligned at a pitch of 100 micrometers for example. Also, the low voltage 
power lines 2G and 5G are connected to each other through the low voltage 
power terminal patterns 31G, which are aligned at a pitch of 100 
micrometers for example. Since the current path length "L" is 50 
micrometers, the voltage drop C< V" is 50 X Ps x I [V], This voltage drop 
20 "V" is only one fifth of the above voltage drop given in the above case. 

Accordingly, the power terminal patterns 31V ? which connect the 
voltage power lines 2V and 5V, are distributed in matrix array over the 
functional macro. This structure reduces the voltage drop appearing on the 
first power lines 2, 
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A second embodiment according to the present invention will be 
described in detail with reference to FIGS. 10-12. A semiconductor 
integrated circuit 42 has the same structure as that of the first embodiment, 
except for the following. The power terminal patterns 32* which are 
5 provided over a top surface of the first level insulating film, are aligned 
diagonally transverse functional macro power lines. The power terminal 
patterns 32 have a straight stripe shape with a uniform width and extend in 
a first diagonal direction, which is oblique to the first and second directions. 
2 Recall that the first and second power lines 2 and 5 extend in the first 
ffilO direction, and that the first and second power lines 2 and 5 are aligned in 
pp the second direction. The diagonal parallel alignment has a constant pitch 
111 which is different from the first pitch of the first power lines 2 and also 
O from the second pitch of the second power lines 5, 

''is:* $ 

f || The first diagonal direction of the straight stripe of the power 

Q 15 terminal patterns 32 has such an oblique angle that at least a majority of the 
power terminal patterns 32 extends across at least a plurality of the first 
power lines 2, which comprise at least one high voltage power line 2V and 
at least one low voltage power line 2G, and also across at least a plurality 
of the second power lines 5, which comprise at least one high voltage 
20 power line 5V and at least one low voltage power line 5G. For example, as 
shown in FIG. 11, the oblique angle of the power terminal patterns 32 with 
reference to the first direction may be 45 degrees. 

The high and low voltage supply lines 5V and 5G are alternately 
aligned in the second direction at a constant pitch which is larger than the 

Page 1 4 



i 



Pf-2802/nec/us/mh 



pitch of the first power lines 2 of the functional macro 1. The oblique 
direction, along which the power terminal patterns 32 extend, is so decided 
that each power terminal pattern 32 underlies across at least a plurality of 
the second power lines 5, which comprise at least one high voltage power 
5 line 5 V and at least one low voltage power line 5G, For example, as shown 
in FIG, 12, each straight-shaped power terminal pattern 32 underlies across 
at least adjacent high and low voltage power lines 5V and 5G, Thus, all of 
the high and low voltage power lines 5 V and 5G overly the power terminal 
y3 patterns 32. 

WlO The power terminal patterns 32 are connected to the respective 

£ power lines with contact plugs as in the first embodiment. 

(s; issu 

m Further, overlapping regions between the straight-shaped power 

^ terminal patterns 32V and the first voltage power lines 2V are distributed in 
^ matrix array over the functional macro. 1. Other overlapping regions 
2 15 between the straight-shaped power terminal patterns 32V and the second 
voltage power lines 5V are also distributed in matrix array over the 
functional macro* 1. This structure reduces the voltage drop appearing on 
the first power lines 2. 

The novel structure of this embodiment may provide 
20 substantially the same effects and advantages as in the first embodiment. 

A third embodiment according to the present invention will be 
described in detail with reference to FIGS. 13-15, A semiconductor 
integrated circuit 43 has the same structure as that of the first and second 
embodiments, except that the functional macro 1 has a zigzag-modified 



Page 15 



Ff-2802/nec/us/mh 

diagonal parallel alignment of power terminal patterns 33, which are 
provided over a top surface of the first level insulating film. The power 
terminal patterns 33 have a zigzag-stripe shape with a uniform width and 
extend in zigzag-shape both in the first and second directions, so that the 
5 power terminal patterns 33 extend entirely and generally along a first 
diagonal direction, which is oblique to the first and second directions- The 
first and second power lines 2 and 5 extend in the first direction* The first 
and second power lines 2 and 5 are aligned in the second direction. The 
above zigzag-modified diagonal parallel alignment has a constant pitch 

CHIO which is different from the first pitch of the first power lines 2 and also 

=P from the second pitch of the second power lines 5. 

m The zigzag-size of the zigzag-shaped stripe of the power terminal 

:% patterns 33 is so decided that the above zigzag-modified diagonal direction 
jjp of the power terminal patterns 33 has such an oblique angle to the first 
g 15 direction that at least a majority of the zigzag-shaped power terminal 
patterns 33 extends across at least a plurality of the first power lines 2, 
which comprise at least one high voltage power line 2V and at least one 
low voltage power line 2G, and also across at least a plurality of the second 
power lines 5, which comprise at least one high voltage power line 5V and 
20 at least one low voltage power line 5G. For example, as shown in FIG, 14, 
the oblique angle of the zigzag-shaped power terminal patterns 33 with 
reference to the first direction may be 45 degrees. 

The novel structure of this embodiment may provide 
substantially the same effects and advantages as in the first and second 
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embodiments. 

Although the invention has been described above in connection 
with several preferred embodiments therefor, it will be appreciated that 
those embodiments have been provided solely for illustrating the invention, 
and not in a limiting sense. Numerous modifications and substitutions of 
equivalent materials and techniques will be readily apparent to those skilled 
in the art after reading the present application, and all such modifications 
and substitutions are expressly understood to fall within the true scope and 
spirit of the appended claims. 
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